This 15-year study aimed to determine the role of the main viruses responsible for acute infantile gastroenteritis cases in a day care center in the city of Rio de Janeiro, Brazil. From 1994 to 2008, 539 fecal samples were obtained from 23 outbreaks as well as sporadic cases that occurred in this period. The detection of Rotavirus group A (RVA), norovirus (NoV) and astrovirus (AstV) was investigated both by classical and molecular methods of viral detection. RVA was detected by enzymatic immune assay and/or polyacrylamide gel electrophoresis and genotyped by using semi-nested multiplex PCR.
Introduction
Acute gastroenteritis (AGE) is an important health concern and can be caused by a wide array of viruses many of which identified in the 70's [1, 2, 3] . Approximately 2.0 million deaths related to diarrhea are reported each year, occurring mainly in low as well as in middle income countries presenting no defined etiological diagnosis [4] . Globally, rotavirus group A (RVA) is responsible for around 440 000 deaths each year among children under 5 years old known worldwide as the most important viral agent in severe cases of AGE [5] .
Following the World Health Organization recommendations, a monovalent human rotavirus vaccine (RotarixH; Glaxo Smith Kline Biologicals, Rixensart, Belgium) was included in 2006 in the Brazilian National Immunization Program as well as in other countries in the Americas and in Europe [4, 6] . Recently, a metaanalysis study evaluating the effects of RVA vaccination showed that the impact of the global burden of severe diarrhea in childhood vaccination varies according to its geographic region [7] .
After RVA, norovirus (NoV) and astrovirus (AstV) are the most important etiologic agents of infantile AGE worldwide [8, 9, 10, 11, 12] associated with sporadic cases and outbreaks in indoor settings such as schools, cruise chips, restaurants, hospitals, homes for the elderly and military recruits [13] . Incidence rates of those viruses among children aged less than 5 years-old, represent a particular concern in infants attending nurseries [14, 15, 16] .
Currently, day care facilities are a very common type of service offered in many regions throughout the world, as part of everyday life for many families living in urban areas, however it has been observed that children attending those centers are at increased risk of acquiring gastroenteritis [15,17,18,] .
In Brazil, there are few studies reporting the burden of viral gastroenteritis and its etiological profile in this population [19, 20, 21, 22] . Moreover, no studies regarding the detection rates of the three main viral agents associated with AGE and discriminating sporadic cases and outbreaks on a regular basis have been reported yet. This study aims to assess the impact of those viruses in cases of infantile AGE that occurred in a day care center in the city of Rio de Janeiro, Brazil, between 1994 and 2008. The broad scope of this study (15 years) allowed the evaluation of different epidemiological aspects of these viruses including seasonality, genetic diversity, and preventive measures as well as aspects related to RotarixH vaccine introduced in Brazil in 2006.
Materials and Methods

Case definition
AGE cases were defined by the presence of diarrhoea (three or more loose or liquid bowel movements per day) accompanied or not by fever and/or vomiting. This definition was used for sporadic or outbreak cases. An outbreak was defined as the occurrence of an AGE case detected in three or more infants within one week. The occurrence of other AGE cases in the following week was considered as one outbreak.
Setting, collection of faecal samples and study design
Bertha Lutz day care center is located at the campus of the Oswaldo Cruz Foundation, Rio de Janeiro, Brazil and caters for children ranging from four months of age, who can remains at an average of eight hours per day in periods that can last up to five years. Given the number of hours that the children are collectively indoors they receive proper health care that provides the services of a paediatrician, a nurse and a health technician.
As an institutional facility, this day care serves its employees who live in different municipalities and that belong to distinct socio economic levels. The nursery serves about 200 children that are organized in classes according to their age group such as: pre-nursery (four months of age up to one year and four months old), nursery (one year and five months old up to two years and three months old); maternal (two years and four months old up to three years and 11 months of age) and kindergarten (four years old up to five years of age).
Parasitological researches including Giardia sp. are periodically conducted in children (every 6 months) and in the day care professional staff (annually), a pre requisite for enrolments. When a case of AGE is reported, stool samples are collected by medical staff and sent to the institutional laboratories to clarify the specific etiologic agent. Bacterial investigation usually includes Campylobacter sp., Shigella sp. and Salmonela sp.
AGE cases from outbreaks or sporadic cases reported in the day care center between 1994 and 2008 previously negative for these agents were included in this study. All specimens were obtained during the acute phase of illness (i.e., within 24-72 hours after onset of symptoms). Samples taken from children were collected by medical staff and in some cases, parents were instructed to collect samples at home, as well as the employees affected. Stool samples from each individual were collected in plastic bottles and preserved at 4uC until initial processing.
Ethics
Ethical approval for this study was obtained from Fundação Oswaldo Cruz Ethics Committee (CEP 311/06). A written informed consent was obtained from the patient's parents or legal guardians for all samples collected.
Viruses' detection and genotyping
Twenty per cent (1 g/5 mL) of stool suspensions were prepared in 0.01 M Tris-HCl 0.0015 M Ca 2+ (pH 7.2). For RVA, nucleic acid extraction was performed with glass-powder method modified [23, 24] . The QIAamp Viral RNA TM extraction kit (QIAGENH, Valencia, CA, USA) was performed for NoV and AstV extraction. Table 1 presents the methodologies used for viruses' detection and characterization including references. Screening for RVA was performed in all samples by the enzyme immunoassays (EIA) and by detection using the polyacrylamide gel electrophoresis (PAGE) method [25] . RVA positive samples were genotyped using seminested multiplex PCR for VP4 and VP7 gen amplification. NoV was tested in RVA-negative samples. Subsequently, all RVA and NoV negative samples were analyzed for AstV. The detection of NoV and AstV was performed by real time PCR. Specific primers and probes for TaqManH system (Applied Biosystems, Foster City, USA) were used and data were collected and analyzed using the Sequence Detector software version 1.6 (Applied Biosystems). [26] a [27] a [28] a [29] a [30] s [31] d [32] a [33] s For NoV and AstV genotyping different PCR protocols were used for nucleotide sequencing products (Table 1) . Amplicons obtained from Region B, C or D of NoV and partial ORF2 region for AstV were purified using the QIAquickH PCR Purification Kit (QIAGEN, CA, USA) following manufacturer's recommendations. The amplicons were analyzed by 2% agarose gel electrophoresis using the Low DNA Mass Ladder (InvitrogenH, CA, USA) for the recognition of molecular patterns. PCR products were sequenced in both directions using an ABI Prism 3100 Genetic Analyzer and Big Dye Terminator Cycle Sequencing Kit v. 3.1 (Applied Biosystems, CA, USA as described by [34] . Centri-Sep columns (Princeton Separations, CA, USA) were used for purification of sequencing reaction products according to manufacturer's recommendations. The sequences were aligned and edited using the BioEdit Sequence Alignment Editor [35] and compared with sequences available including genotype reference sequences. A phylogenetic tree was constructed with the MEGA 4 program using the neighbour-joining method, and the genetic distance was calculated using the Kimura 2 parameters model with 2,000 pseudo-replicas for genotypic strain classification [36] .
Positive and negative control
The strains RVA SA11, AstV type 2, which was isolated in cell cultures, NoV GI.3 (access number Genbank: GU132470) and NoV GII.4 (access number GenBank: GU132457) and Milli-Q water were used as positive and negative controls, respectively, in the RNA extraction all through to genomic amplification stage in order to avoid false positive results. The molecular procedures were conducted in four separate rooms to avoid cross contamination of samples. In all procedures, recommended manipulations for PCR techniques were strictly followed as a precaution to avoid false-positive results.
Statistical analysis
Statistical analyses were performed with EpiInfo 2000 version 3.5.1 (Center for Disease Control and Prevention, Atlanta, Georgia, USA) and SPSS version 15.0 (SPSS Inc, Chicago, Illinois, USA) software. Data were presented as descriptive statistics and frequencies of different virus detection in distinct groups were compared by using the chi-square test, at the 0.05 level of significance. We also calculated odds ratios and their respective 95% confidence intervals. for NoV GI, GII and AstV was performed as rapid assay for viruses' detection and quantification. Standard curves with 10-fold serial dilutions of plasmids containing their targets (from 10 7 to 10 1 ) were generated. A detection limit of 21 (NoV GI) and 10 (NoV GII and AstV) genomic copies per reaction was observed for a threshold cycle (Ct) value not superior to 40. Table 2 shows the results of virus detection by age group, season, temporal distribution as well as the origin of samples according to sporadic or outbreak cases. Infants aged less than 24 months presented significant higher detection rates of NoV, RVA and AstV, although NoV was frequently detected in all age groups including adults.
Results
RVA, NoV and
Eighty-five percent of AGE cases (459/539) were reported throughout the autumn and winter seasons, A total of 392 cases of AGE were reported from 23 outbreaks, 18 of them (78.3%) were observed between 1994 and 2000. In 9 outbreaks RVA and NoV were detected circulating simultaneously. In only one outbreak it was observed the co-circulation of the three investigated viruses. Figure 2 shows the monthly cumulative distribution of outbreaks caused by NoV, RVA and AstV in the 15 surveyed years.
Genotyping of viruses showed a great genetic variability within each group. Figure 3 shows annual distribution of RVA and NoV 2 (1996) , 4 (1998) and 5 (1996) . Nucleotide sequences obtained in this study were submitted to the National Center for Biotechnology Information (GenBank, http://www.ncbi.nlm.nih.gov/) and received the following acces- 
Discussion
This 15-year study was carried out to assess the frequency of RVA, NoV and AstV as etiologic agents of AGE in children attending a day care center, in Rio de Janeiro, Brazil, since those viruses have been described as the most important viral agents of infantile diarrhea [5, 13, 37] . In low and in middle income countries the detection and molecular characterization of viruses associated with AGE is usually restricted to research and/or reference laboratories and the actual incidence rates described in those countries can, therefore, be underestimated, except for RVA diagnosis that is performed somewhat more regularly due to its low cost.
Among the enteric viruses RVA remain the leading cause of diarrhea in young children in the world [4] with a well documented high morbidity rate in developing countries [5, 6, 7] . However, in this study RVA was the second most detected virus overcome by NoV, whose impact on infant AGE is increasing since the 90 s [11, 13] . In a lowest percentage AstV were also detected. The AstV detection rate found here is in agreement with other studies that demonstrated frequency ranging from 2% to 11% [9, 19, 37, 38, 39] . In this study it was possible to demonstrate the importance of implementing preventive measures to reduce the impact of AGE cases. The joint work performed between laboratory, day care medical and nursing staff can explain the sharp decline on AGE cases from year 2000. Prophylactic measures such as improvement of surface disinfection as well as setting standards for hand washing contributed to reduce incidence rates of AGE cases reported in Bertha Lutz day care center. Hygiene measures taken by adults who work with children have been described as an important factor in reducing cases of viral infection [15, 16, 40] . Medical recommendations of the day care center to keep sick children at home was another of the measurements that has helped reducing the number of cases however it may have also reduced the number of samples collected, since the parents resorted to other medical centers to care and diagnose infection.
Additionally, the authors consider that anti-RVA vaccination may have contributed to the lower detection of RVA comparing to NoV infections. The impact of the immunization of a safe and efficacious oral vaccine G1P [8] in the entire birth cohort in Brazil has been demonstrated both in laboratory and hospital based surveillance studies [41, 42] .
In the past, three studies reporting RVA, NoV and AstV outbreaks were carried out at the same institution where the present study was conducted [19] [20] [21] [22] . Regarding those previous studies it is important to note that RVA outbreak occurred in 1994 [20] , before the studied period and that the other outbreaks of NoV [21] and of AstV [19] were already published elsewhere, samples were therefore not included in this study.
Even with a decrease in AGE cases from 2000, the occurrence of NoV outbreaks in subsequent years could explain that NoV infection was near twice as more frequent than infection by RVA corroborating the role of those viruses in childhood infections transmitted indoors [15, 16, 38, 43] . The low NoV infectious dose, the aerosol transmission by vomit and its environmental stability are pointed out as the main characteristics of higher transmissibility of NoV in those specific restricted areas [44, 45] . The susceptibility of adults to NoV infections due to temporary immunity [46] can also be considered as facilitating a factor for transmission, since those professionals either asymptomatic or not could also represent a source of contamination. A highest incidence rate of those infections in pre-nursery and nursery children aged less than two years old corroborated other studies although NoV have been described infecting all age groups [9, 39, 43, 47, 48] .
The main limitation of this study in assessing viruses' seasonality lies on the fact that during the summer season the population of the day care center may be substantially reduced due to children's and parents' vacations and that in January the day care center is closed for the holiday season. Nevertheless, a trend towards a higher incidence rate for viral AGE during winter and autumn seasons could be noted as previously observed in Rio de Janeiro, Brazil [41, 49, 50] .
Regarding the prevalence of major viral genotypes circulating in this 15 year study it was observed that RVA genotypes corroborated the trends observed in Brazil, i.e. the predominance of G1P [8] from 1994 to 1997 and the emergence of G9P [8] in 1998. Although genotype G2P [4] re-emerged in Brazil from 2005 onwards, the circulation of this genotype in the day care center after 2000 was not detected [22, 41, 50, 51] . The AstV genetic diversity also follows the frequency observed elsewhere being AstV-1 the predominant type, whereas types 2-5 show specific spatial and temporal distribution and types 6-8 are sporadic [52, 53] .
For Nov a great genotype diversity was observed since 1996/ 1997, however the detection of NoV GII.12 and GII.17 prior to its first detection in Brazil [54] have drawn attention revealing the importance of surveillance studies of NoV mainly due to the speed which these viruses spread worldwide. The GII.12 has been described in Japan since 2001 as a major genotype involved in outbreaks [55] and in the U.S. during the winter season 2009/ 2010, it was responsible for 16% of all reported outbreaks [56] . In Vietnam GII.12 has surpassed in number the cases of GII.4 gastroenteritis in hospitalized children [57] . The same finding occurred in relation to GII.4 2006b variant that was described in different countries causing at least 45 outbreaks on cruise ships throughout Europe in 2006 [58] . Here, this variant was characterized in 1996 responsible for a large outbreak and corroborating the potential of NoV GII.4 variants causing outbreaks around the world [58, 59, 60] . The circulation of GII.4 in the same day care center was demonstrated earlier [21] . The circulation of several NoV strains as GII.3, GII.4, GII.6 and GII.7 in AGE outbreaks in day care centers has been described in different countries [15, 16, 21] .
The first description of NoV GI.8 associate to a sporadic case in 1995 also highlighted the relevance of laboratorial surveillance on AGE cases. NoV GI is circulating in a lower prevalence when compared to GII, not only in Brazil but in the world [48, 61, 62, 63, 64, 65] .
AGE outbreaks characterized by the co-circulation of more than one virus in this study corroborates the concept that gastrointestinal viruses co-circulate in the same period stressing the need of vigorous control measures during AGE outbreaks affecting people indoors in specific seasons. Unfortunately, the strategy of searching co-infection was not performed. Mixed outbreaks have been described in other day care centers [14, 15, 16] and co-infections especially involving RVA and NoV have also been described [38, 66] . Another limiting factor to assess the real burden of those viruses was not investigating virus excretion in asymptomatic cases. NoV has been detected in those cases and more recently it has been suggested that quantitative analysis should be used to aid clinical interpretation and diagnose when NoV are detected in AGE cases [62, 67] .
Concluding, NoV was the main etiological agent found in the studied population, where about half of AGE cases are caused by viruses. These data confirms the role of NoV in indoors outbreaks and pointed out the need to establish laboratory network surveillance that is able to identify the entrance of new viruses or variants in order to prevent outbreaks as well as to provide database for molecular epidemiology studies.
